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ABSTRACT 
Cross-l inked carboxymethyl sago starch and tapioca starch were prepared by cross-linking with 
POCi) and carboxymethylated with sodium chloroacetate. The ability of these starch derivatives 
and their effectiveness to remove various divalent metal ions in aqueous solution were 
investigated. The different factors affecting metal ions adsorption on the cross-linked 
carboxymethyl sago starch and tapioca starch such as pH, types of starches, initial metal ion 
concentration and treatment time were studied. Tapioca starch had shown to be a more effective 
adsorbent as compared to sago starch in removing heavy metal ion from aqueous solution. The 
removal effectiveness of metal ions by these cross-linked carboxymethyl starch are in the 
following order of Pb2 + > Cu2 + > Ni2 +. Adsorption capacities of cross-linked carboxymethyl 
starch were affected by the pH of heavy metal ions solution. Cross-linked carboxymethyl tapioca 
starch was found to remove 92.2% of Pb2+, 80.7% of Cu2 + and 78.0% of Ni2+ from 100 ppm 
metal ion solution in the condition of pH 6.0. Cross-linked carboxymethyl starch can be used as 
an alternative adsorbent for heavy metal ions in wastewater treatment. 
Key words: Wastewater treatment, heavy metals, starch, cross-linking 
ABSTRAK 
Kanji sagu dan kanji ubi kayu yang telah bertaut-silang dengan karboksimetil telah disediakan 
melalui taut-silang dengan POC/j dan dikarboksilkan dengan sodium kloroasetat. Keupayaan 
terbitan kanji ini dan potensinya untuk menyingkir beberapa ion logam divalen dalam larutan 
akueus telah dikaji. Faktor-faktor yang mempengaruhi penyerapan pada kanji sagu dan kanji ubi 
kayu taut-silang karboksimetil sepeti pH, jenis kanji, kepekatan awal ion logam dan masa 
rawatan telah dikaji.kanji ubi kayu dilihat lebih efektif menjerap berbanding dengan kanji sagu 
dalam penyingkiran ion logam berat datipada larutan akueus. Potensi penyingkiran ion logam 
dengan kanji taut-silang karboksimetil adalah mengikut urutan Pb2+> Cu2+ > Ni2+. Keupayaan 
penyerapan kanji taut-silang karboksimetil adalah dipengaruhi oleh pH larutan ion logam bera!. 
Kanji ubi kayu taut-silang karboksimetil telah didapati menyingkirkan 92.2% Pb2+, 80.5% Cu2+ 
dan 78.0% N;2+ dari larutan 100 ppm ion logam pada keadaan pH 8. O. Kanji taut-silang 
karboksimetil boleh digunakan sebagai penjerap alternatif untuk ion logam berat dalam 
rawatan air buangan. 






Heavy metals have been detected in a wide variety of industrial wastewater streams. Chemical 
precipitation is one of the most common methods used to remove heavy metals from aqueous 
solution. Though, chemical slurry produced is a secondary waste that should be properly handled 
before discharging. Recently, research interest has been given to look for efficient and low cost 
metal adsorbent of heavy metals, such as marine algae, fungal biomass, wasted activated sludge, 
digested sludge and so on (Eccles, 1999; Zhou, 1999 and Hamdy, 2000). 
Removal of heavy metals bearing industrial effluents has become one of the primary challenges 
of wastewater treatment. This is because contamination of wastewater by heavy metals is a very 
serious environmental problem. Heavy metals such as chromium (III), cadmium (II), copper (II), 
zinc (II), etc., in wastewater are hazardous to the environment (Kuyucak and Volesky, 1988). 
Contamination of water by heavy metals is a serious problem because of indiscriminate 
discharges of wastewater containing heavy metals by industries (Horsfall et al., 2003). Stringent 
environmental regulations require the treatment of wastewater to remove heavy metals. This 
requirement is very costly for industries. The most common metals found in wastewater are 
copper, cadmium, nickel, lead and zinc that are toxic at high concentrations (Johns et al. , 1998). 
Increasing interest is hence being compensated on the development of know-how for their 
removal from metal manner effluents before their discharge into water bodies and natural 
stre . Usual technologies, such as ion exchange or lime precipitation, are often ineffective and 
expensive, mostly for the removal of heavy metal ions at low concentrations (Wilde and 
Benemann, 1993). Most of these, moreover, are based on physical displacement or chemical 
replacement, generating yet another problem in the form of toxic sludge (Sandau et at., 1996; 
Brierley et ai., 1986), the disposal of which adds further burden on the techno-economic 
feasibility of the treatment process. 
Current techniques for removal of heavy metals from industrial wastewater include electro 
deposition, reverse osmosis (Larsen and Schierup, 1981), electrolytic techniques (Blanco et a., 
1999), chemical precipitation (Kim and Lim, 1999), coagulation, flotation, sedimentation, 
filtration, membrane process, biological process, and chemical reaction (Adeyiga et at., 1998). In 
such cases the heavy metal ions removal methods are not sufficiently effective alone, thus 
combinations of two or more methods are frequently required (Wing, 1974). 
Recently, there is a report showed that a thermochemical reaction between starch and citric acid 
generated products with high copper ion binding (Sessa and Wing, 1998), and high cation 
exchange capability (Wing, 1996). Polymerized corn powders were good cation exchange resins 
for lead, nickel, copper, magnesium, zinc and calcium ions with an exchange capacity of 1-3 
meq/g, which is close to that of commercial resin (Odozi et at., 1985). 
Efficient and environment-friendly technologies are thus needed to be developed to reduce heavy 
metal content in wastewaters at discharge to acceptable level at affordable costs (Matheickal and 
Yu, 1996). The search for new and innovative treatment technologies have focused on the toxic 






(biosorbent). The potential use of plants or plant components for remediation has recently 
received a great deal of interest. 
Starch derivatives have been developed as an effective metal scavenger at USDA in Peoria, 
Illinois, USA (Wing and Doane, 1976). According to Kim and Lim (1999), corn starch derivative 
is effective in removing heavy metal ions from aqueous solution. There is a possibility that 
starch-based nanoparticles are more effective in heavy metal ions removal. Also starch is cheap 







2.1. Environmental and health effect of Heavy Metal pollution 
Heavy or toxic metals are trace metals with a density at least five times heavier than that of water. 
As such, they are stable elements (meaning they cannot be metabolized by the body) and bio ­
accumulative (passed up the food chain to humans). These comprise: mercury, nickel, lead, 
arsenic, cadmium, aluminium, platinum and copper (the metallic forms versus the ionic form 
required by the body). Heavy metals have no function in the body and can be highly toxic 
(Vankar and Tiwari , 2001). Table 1 gives an account of the toxicities of common metals along 
into their threshold limits values (TL V) are very low and are expressed in ppb. 
Table 1 
Metal TLV Effect of poisoning destructure to membranes 
Cu 0.1 mg/mJ Nausea, Vomiting carcinogen 
Hg 0.1 mg/mJ Damage to Nervous systems, Liver, Kidneys 
Pb 0.1 mg/mJ Damage to Nervous systems, Liver, Kidneys 
As 0.1 mg/mJ Damage to Nervous systems, Kidneys 
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Heavy metals are known to be detrimental to the living beings. They are important contaminants 
of liquid wastes discharged from a number of industries such as electroplating, dyes and dye 
intermediates, textiles, tanneries, oil refineries, electroplating, mining, smelters etc. The most 
common toxic metals found in industrial wastewater are Cr, Ni, Mn, Hg, Cd, Pb, Cu and Zn 
(Sandeep, 1987; Ali et al., 1997). It has been observed that increased concentration of heavy 
metals in the aquatic environments can cause phyto toxicity, bio-concentration and bio­
magnification by organisms (Ayyappan et al., 2004). 
The treatment of wastewater to remove heavy metal ions is very expensive for industries. For the 
small and medium-scale industries which do not have the financial ability to spend on wastewater 
treatment method, they discharge their effluents in a non-environment friendly manner. This 
industrial discbarge of heavy metal wastewater will effect the environment and public health. 
According to Kennish (1992), trace amounts of some heavy metals in the right concentration are 
essential to life and referred to as micronutrients. The toxic effect of heavy metals was considered 
only during acute, high dose exposures that created significant reactions in the body. 
Heavy metal residues in contaminated habitats may accumulate in microorganisms, aquatic flora 
and fauna, which in turn, may enter into the human food chain and result in health problems 
(Cooke et al., 1990; Deniseger et al., 1990). According to Francis (1994), the typical symptoms 




Beside that, lead can also contribute to tooth decay (Gil el al., 1996). Beliles (1979), reported that 
nickel carbonyl, Ni (CO)4, is the most toxic among nickel compounds and believed to be 
carcinogenic. Therefore the nickel salts are not absorbed through human skin in sufficient 
amounts to cause intoxication, with the exception of nickel carbonyl. The toxicity of copper in 
human depends on its concentration but it is very toxic to aquatic biota at high levels (LaGrega et 
Dl.. 1994). Therefore stringent heavy metal concentration limits were set in typical drinking water 
standards (Henry and Heinke, 1989) (Table 2). 
For the environmental effect, heavy metal above specific concentration is toxic to the 
microorganisms in biological processes in municipal sewage treatment works and this affects the 
organic removal efficiency (Lamb and Tollefson, 1973). Microorganisms in the activated sludge 
were inhibited by chromium and nickel at concentration above 10 mg/I and affected COD 
removal efficiency of the process (Suthirak and Sherrard, 1981). 













2.2. Overview of sago and tapioca starch 
Starch is a polysaccharide constructed from glucose as the basic building block, which is found 
as water insoluble semi-crystalline granules with size in the range of 0.5 - 100J.lm. It is a mixture 
of two a-glucan polymers: amylase, in which the glucosyl units are joined by a-I, 4 linkages to 
fonn essentially unbranched chains up to several thousand units long; and amylopectin, in which 
shorter a-I, 4 chains are connected by a-I, 6 linkages to form larger, highly branched molecules 
containing some 50000 glucosyl unit (John, 1992). Starches are commonly added to food such as 
soups and sauces to increase their consistency and improve mouth-feel characteristics (Self et al., 
1990). Although starch can be gelatinized easily but it is not feasible to obtain stable suspensions 
systems from native starches due to the high viscosity and shear thickening behavior of the 
starch. 
Consequently, starches have narrow functional properties even though it experiences the most 
chemical modified processes (Soest et al., 2002). This intrinsic disadvantage of starches has 
limited the applications of starch in adhesives, paper additives, and emulsifiers or even in the 
field of phannaceutical. This statement reveals that there is a limitation in the development of 
starch-based materials. The major constraint is the hydrophilic characteristic of starch (Fang, 
2002). In order to solve this problem, one of the ways is to obtain water resistant materials 
through the process of chemical derivatisation (Pelton en et al., 1996). According to Roper 
(1996), the properties of the modified starch depend on the nature of substituent and on the 
degree of substitution (OS). 
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Sago starch was produced from pith of sago palm (Metroxylon spp.). Sago starch contain 10.6 ­
20.0% moisture content, 0.06 - 0.13% ash, 0.10 - 0.13% crude fat, 0.26 - 0.32% fiber, 0.19 ­
0.25% crude protein and 24 -31 % amylose (Fasihuddin et al., 1999; Dayang, 2002; Paula, 2002). 
It is a useful resource for commercial raw materials and foodstuffs and is an important product in 
South Asia (Yatsugi, 1986). The largest sago-growing areas in Malaysia are to be found in the 
state of Sarawak, which is now the world ' s biggest exporter of sago (Malaysian Agricultural 
Economics Association, http:/www.econ.upm.edu.mu/~petalsago/sago.html). 
According to Stantan (1992), sago palm is an important resource especially to the people in rural 
areas because it has various uses especially in the production of starch either as sago flour or sago 
pearl and it can competed economically on yield and price compared to other crops. Sago starch 
is widely used in jellies, puddings, and soups in the form of sago pearls. Takahashi (1986), 
reported that the properties of sago starch are: (I) it is easy to gelatinize, as its gelatinization 
temperature is low; (2) it has a high viscosity; (3) it is easily moulded, and (4) gel syneresis is 
low. Like other native starches, sago starch needs to be modified to improve its quality. 
Tapioca starch, accord ing to Bean and Setser (1992), is an important carbohydrate in tropical 
countries worldwide and has a unique bland flavor and gives a stringy cohesive paste when 
gelatinized. Its price in the world market is low when compared to starches from other sources. 
Whistler et al., (1984) reported that tapioca starch is widely used in delicately flavored puddings, 
pastry fillings and baby food products. 
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According to Kerr (1950), tapioca has ranked first in order of importance for non-cereal starches 
in North America. In general, tapioca is an easily digested foodstuff, which is extracted from the 
root of the cassava plant. The term "tapioca" is used to designate products made from cassava 
such as starch and dried chips. Tapioca starch is a fine, white powder being extracted from 
pulped tapioca roots. Its many uses include substitution for potato and cornstarch in various 
applications. 
It is an important raw material for manufacturing sago pearls, monosodium glutamate, fructose, 
glucose and dextrose. It is also an essential raw material for glue manufacturing. Tapioca starch is 
mixed with pharmaceuticals to make capsules and tablets, and is also used to make pet products. 
It is being used in the textile industry for yarn sizing, and in the paper industry for paper pressing, 
flattening and polishing. Cellulosic non-reducing carbohydrate polysaccharides found in plant 
fibre such as tapioca have also been used as cheap materials capable of removing metals from 
their solutions. More recently, low-value tapioca waste biomass has been used effectively for 




1.3. Reviews of Heavy Metal ion studies 
Heavy metals such as copper, zinc, nickel, cobalt, silver, cadmium and chromium are extensively 
used in electroplating and metal-processing industries. Other heavy metals such as barium, lead, 
iron and mercury, are also used in the manufacturing of printed circuit boards, paints, plastics, 
batteries, alloys, refractors, scientific instruments and paper (Lester et al., 1979; Sawyer et al., 
1978). The contamination of water by heavy metals is caused by the discharges of wastewater 
containing heavy metal s by these industries. 
There are various removal methods of heavy metal ions from wastewater have been developed 
(Wing, 1974 and Cavaseno, 1980). Current methods for such wastewater treatment include 
precipitation, coagulation/flotation, sedimentation, flotation, filtration, membrane process, 
electrochemical techniques, ion exchange, biological process, and chemical reaction. Each 
method has its merits and limitations in application (Adeyiga et al., 1998). 
Chemical precipitation is one of the most common methods for removing the heavy metal ions 
from wastewater. In this method, lime (CaO), hydrated lime (Ca (OHh), caustic soda (50% 
80H), soda ash (Na2C0 3), and sodium sulfide (Na2S) are commonly used as precipitants 
(Lanouette and Paulson, 1976). Basic precipitation is currently the most inexpensive method for 
heavy metal removal, but it resulted in the production of undesirable waste sludge in large 








which is useful 
to Wing (1974), one of the effective methods for heavy metal removal from 
wastewater is ion exchange by specific resins. It is often used when the removal of heavy metals 
by other methods is not successful, or when the recovery of the metals is necessary. However, the 
recovery cost of the resins for the ion exchange is very high. 
Activated carbon adsorption is a well-known method for the removal of heavy metals such as 
chromium, mercury and various metals complexed with organic materials 
(Cheremisinoff and Ellerbush, 1979; Lalvani et al., 1998; Pollard et al., 1992), but the high cost 
of activated carbon restricts its large-scale use for the abatement of heavy metal pollution in 
Reverse osmosis is one of the methods frequently used in plating industries to recover the metals, 
but this is basically a process for concentrating ions, and is effective only when the concentration 
i sufficiently high (Manahan, 1990). Manahan (1990), also reported that cementation is another 
remove heavy metal ions which the metal ions form deposits with more readily 
ccording to Randall and Hautalla (1975), agricultural by-products also can be used to remove 
heavy metal ions from waste solution. Agricultural by-products have been reported as having 
natural ion-exchange capability (Randall et al., 1978). Corncob is an agricultural by-product 
in removing various metal ions from industrial and municipal wastewater 
erson et al. (1 977). Okieimen and Okundaye (1989) showed that modified corncobs could 
ignificant amounts of cadmium and copper ions from aqueous solution. 
1 1 
Marshall and Champagne (1995), evaluated byproducts of soybean and cottonseed hulls, rice 
straw and sugarcane bagasse as metal ion adsorbents in aqueous solutions. At a sub-saturating 
ooncentration of metal ion (lOOmglL), soybean and cottonseed hulls adsorbed high levels (95.6­
99.7%) of Cr(IlI) Co(II1), Cu(II), Ni(II), and Zn(II). Although not as effective as a commercial 
chelating resin in removing metals from wastewaters, soybean and cottonseed hulls could be 
useful adsorbents in metal removal applications, especially when the low cost and high 
avai lability of these materials are considered. 
Vazquez e/ al. (1 994), have found that pretreated Pinus pinaster bark was an excellent adsorbent 
for removal of Zn(II), Cu(lI) and Pb(lI) from wastewater with efficiency comparable to 
commercially available adsorbents. Several studies (Rao and Bhole, 2000; Manju et ai., 1998; 
Cimino e/ ai., 2000) on metal removal by modified barks and agricultural residues have been 
reported. Periasamy and Namasivayam (1994), used activated carbon prepared from peanut hulls 
(pHC) for the adsorption of Cd (II) from synthetic wastewater. An almost quantitative removal of 
20 mgIL Cd (II) by 0.7 g of PHC/L of aqueous solution was observed in the pH range 3.5-9.5. 
A comparative study with commercial granular activated carbon showed that the adsorption 
capacity ofPHC was 3 1 times larger than that of commercial granular activated carbon. 
reported by Khalil and Abdel-Halim (2000), corn starch that was reacted with mono- and 
dimethylol resins based on urea, thiourea, and melamine as derivatives have been used in heavy 
I removal from solution. Starch derivatives containing carboxyl or phosphate, or sulphite, 
.)Spttale and carboxyl groups showed the ability of heavy metals removing from industrial 




OBJECTIVES OF STUDY 

l. 	To investigate the effectiveness of the starch derivatives derived from local native 
starches, sago and tapioca starch in removing heavy metal ions from industrial 
wastewater. 
2. 	 To develop effective heavy metal ion adsorbents from cheap and abundant starch 
materials derived from local native sago starch and tapioca starch as alternative 
wastewater treatment. 
3. 	 To compare the effectiveness of sago starch and tapioca starch in removing heavy metal 





MATERIALS AND METHODS 

1. Materials 
ative sago and tapioca starch samples were purchased from a local supermarket in Samarahan 
Sarawak. Phosphorus oxychloride (POCb) were used as the cross-linking agent. Single metal ion 
standard solutions (1 00 ppm) of Lead acetate (Pb(CH3COOh3H20), Nickel acetate 
(c.H6Ni04.4H20), and Copper acetate (CU(CH3COOh.H20) were used for the analysis. Filter 
paper (Whatman 41) was used to filter the adsorbent. The residual heavy metal ion concentration 
in the filtrate was determined using Atomic Absorption Spectrophotometer (Perkin Elmer). 
Preparation of cross-linked carboxymethyl starches 
starch and tapioca starch (50 g) was dispersed in distilled water (150 ml) and the slurry was 
i"um~ to pH 11.0 with NaOH solution. While maintaining the pH at 11.0 with NaOH solution, 
cross-linking agent, POCb (0.5 ml) was added dropwise over 5 minutes. The starch 
liIiKl~tinn was stirred at room temperature and then filter through Whatman No.4 I filter paper 
tlFelton et al., 1940; Wurzburg, 1958 and Chiu et al., 1980). 
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'The filtered starch was di spersed in absolute ethanol (\ 50 ml) and 50% NaOH solution (lOg) was 
added slowly. Sodium chloroacetate (CICH2COONa) (2.5 % w/w, based on starch) was added in 
the starch-ethanol dispersion, and the mixture was stirred for 2 hours at 45°C in a seal container 
(Filbert and Woodbury, 1950; Hjermsted et at., 1956; Caldwell and Martin, 1957 and Gotlieb, 
1913). After the reaction, the starch slurry was filtered and washed with distilled water. The 
SCIrch was dried with a freeze dryer. The resulting starch samples were grinded into powder and 
keep in close containers before use. 
Ul. Heavy metal ions adsorption 
scope of this study was limited to removal of lead, nickel and copper ions from aqueous 
lOIutions using cross-linked carboxymethyl sago starch and tapioca starch. Methods used for 
ions adsorption in this study are taken from Kim et at. (1999), with some modifications. 
e different factors affecting metal ions adsorption on the cross-linked carboxymethyl starch 
such as pH, types of starches, initial metal ion concentration and treatment time was studied. 
cross-linked carboxymethyl starch (I g) was added in the 100 ml of single metal ion standard 
IOIIJUOIllS (100 ppm) of Lead acetate (Pb(CH)COOh.3H20), Nickel acetate (C4H6Ni04.4H20), 
Copper acetate (Cu(CH)COO)2.H20), and the dispersion was shaken at room temperature 




lIItratkm with Whatman No.4] filter paper. The residual metal ions in the fi Itrate were 
lletenni:ned using Atomic Adsorption Spectrophotometer (Perkin Elmer). 
course experiments were carried out by shaking the mixture at various predetermined 
Metal ion content of the filtrate was analyzed at the end of the contact time to 
.fI'IIItine the duration for maximum absorption of the metal ions. 
madS of factors such as pH and initial metal ion concentrations were investigated under the 
experimental procedures. The effect of pH on metal ions adsorption was studied with test 
IDI1JtiOlI1S within the pH range of 2-8. To examine the pH effect, starch was adjusted to pH 2-8 
N HCL or ] N NaOH solutions. The effect of initial metal ion concentration was 
_emljnc::d by varying the initial concentration of each metal ion solution within the range of 50 




RESULTS AND DISCUSSION 

Metal Ions Adsorption Study 
salts used in this study were all of metal acetates. According to Randall et al., 1974, metal 
lacetate was used because the heavy metal ions can be removed more completely from the acetate 
IUIl~\i'1i compared to sulphate, chloride or nitrate solution. It was also used to avoid problems 
lIIt»Chliled with the dependence of adsorption of any metal ion. 
U-;LJUtlorlttio'D Kinetics and Capacity 
5.1 shows the adsorption kinetics of Lead ion (Pb2+), Copper ion (Cu2+) and Nickel ion 
by cross-linked carboxymethyl sago starch samples from aqueous solutions containing 100 
ofa given metal ion. The adsorption kinetics study of the three types of heavy metal ions 
. ,CIlIried out until 280 minutes to determine the duration for maximum absorption of the metal 
dsorption curves for cross-linked carboxymethyl sago starch showed rapidly increased 
within 0 to 15 minutes. Then the curve slowly becomes constant when reaching the 
...rpti4lJn equilibrium state. 
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